AL AD 24 383

e AD
R I ,

5 0712 01016823 4

FA-TR-76021

ADAoVL4 393

= REDUCTION OF TARGET DETECTABILITY BY
LASER PROTECTIVE MATERTALS.

TECHNICAL
LIBRARY

April 1976

Approved for public release; distribution unlimited.

Pitman-Dunn Laboratory

U.S. ARMY ARMAMENT COMMAND
FRANKFORD ARSENAL
PHILADELPHIA, PENNSYLVANIA 19137




DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed.

the originator,

Do not return it to

The findings in this report are not to be construed as an official De-
partment of the Army position unless so designated by other authorized

documents.




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
FA-TR- 76021
4. TITLE (and Subtftle)
REDUCTION OF TARGET DETECTABILITY BY LASER Technical Research Report
PROTECTIVE MATERIALS

8. TYPE OF REPORT & PERIOD COVERED

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBENR(s)

DR. GERALD C. HOLST

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJ!CT. TASK
AREA & WORK UNIT NUMBE

FRANKFORD ARSENAL AMCMS CODE: 611102. 11 H46.

ATTN: SARFA-PDS-P F1.00
PHILADELPHIA, PA 19137 DA PROJECT: 1T161102AH46

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

USA ECOM APRIL 1976
FT. MONMOUTH 13. NUMBER OF PAGES
NJ 07703 24
T4, MONITORING AGENCY NAME & ADDRESS(I{ different from Controlling Oftice) | 15. SECURITY CLASS. (of thie report)
UNCLASSIFIED

18a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, I{ diflerent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse elde !f neceseary and identify by block number)

Laser Safety Laser Goggles
Anti-Laser Goggles

Target Detectability

Laser Protection

20. ABSTRACT (Continue on reverse sidn If necessary and Identify by block manber)

Target detectability has been measured as a function of target size and
luminance levels. The reduction of detectability by laser safety goggles
(American Optical Model 585 and Glendale Optical Model LGS-R) has been
determined for achromatic targets. The effects of target color rendition
are considered. Luminous transmission appears to be the most important
parameter for detection. Blue targets,either natural or rendered blue by
protective materials,require more contrast for detection.

DD iy 1473  Eoimow oF 1 NOV 68 is ossoLETE URCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)




TABLE OF CONTENTS

PAGE
INTRODUCTION: e ¢ cvvevvoeneans 5 00 F 00 O 10 Oy 5\ e 13l g s or . 3
DEBOEE. s v/ o5 5 355 0 (1 ACICHROT K13 O 0 (310 210 ARSI IO ICI OCh 2 AP ACKD 10 HEE KIS 3
EXPERIMENTAL. il e Vs il ans ol 8 8 &I ol 8 LI Y Kooy veos 8
L e P R AT R 0 CACICR I E s olals s merwios Bis n 4 o sang 01Y s3 % s & (6e B @is olEY € & & < T 10
DISCUSSION.,:.s. SL% &1 <fon S\ 1K & w (ol & (SLaNo [0) o 61 5051 /= fo. SFe] = lm % '@ [ond el o fim e U S ol a4 o Tarlal Blg e B AR
S N T S AT IO CENIO O OF | Ok Y0 (T 68 s 07 00 L) [ o0 (i AT 0 I Y 16
REFERENCES......cce0sse 5 000 [0 1 Q0 WS ) O O3 POt oIl QIO EOv O ¢ iehera s e I R ELE 17
DISTRIBUTION...... LR A R AOLE € £ ¥ 8§ E 0t T e G081 IO K T O . 19
LIST OF TABLES

TABLE

1. Relative Values of Bioreereerrniaiannnns LA TG H CTT I ok G

2. Relationship Between Various Luminance Levels Used........ lae 9

LIST OF ILLUSTRATIONS

FIGURE

1. Chromatic Difference of Focus (from Reference 3).eeeceeesecs. 4

2. Relative Responses of the Three Neural Color Opponent
Processes. The Positive Values Indicate an Increased Fir-
ing Rate of the Neurons. A Negative Value Indicates a
Decreased Firing Rate Relative to the Resting (Spontanetus)
BiEipg BEEMeR oo bie oo o o bio ot arme 6910 45 88 T R YA e T3 o 0L Y 6

3. Spectral Transmission of the American Optical Model 585
Ruby Goggle and the Glendale Optical Model LGS-R Ruby
GoggIECon-nao.ooo-ocnoo--o oooooooooo @00 00 s 000 0000000000000 ) 7

4. Schematic of Experimental Setupeeccscecscecscacecss s.s5ed30ss 9




LIST OF ILLUSTRATIONS (Cont'd)

FIGURE PAGE

5.

10.

11.

12,

113}

Target-Background Contrast Required for 50% Probability of
Detection as a Function of Range and Target Diameter d with
Background Luminance of 1700 FT-L...cccevecocens e zonn aoion A

Target-Background Contrast Required for 50% Probability of
Detection as a Function of Range and Target Diameter d with
Background Luminance of 500 FT-L......ce000c0ccccaas PRI R 1 |

Target-Background Contrast Required for 50% Probability of
Detection as a Function of Range and Target Diameter d with
Background Luminance 0f 106 FT=L.....cccceeecooscocscscesense 12

Target-Background Contrast Required for 50% Probability of
Detection as a Function of Range and Target Diameter d with
Background Luminance of 56 FT-L....... 020 30 £90 D8 PO 0 Oi0 111G Soan o i)

Target-Background Contrast Required for 50% Probability of
Detection as a Function of Range and Target Diameter d with
Background Luminance of 12 FT-L....... A0 O30 R0 € O C 5 0 P19 oWor oralong i L3

Target-Background Contrast Required for 507% Probability of
Detection as a Function of Range and Target Diameter d with
Background Luminance 0f 3.2 FTl-L....cceeecscoancocecenss ohel ool 18

Target-Background Contrast Required for 50% Probability of
Detection as a Function of Range and Target Diameter d with
Background Luminance of 0.67 FT=L....cceeeeeccecannncanes e L

Target-Background Contrast Required for 50% Probability of
Detection as a Function of Range and Target Diameter d with
Background Luminance of 0.35 FT-L....cevececeoccrasoonacsoass 14

Target-Background Contrast Required for 50%Z Probabililty of
Detection as a Function of Background Intensity for a Target
Subtending 6.6 Minutes of Arc..... L 00 C L TLI0S Bcle 3 S0 LB BF o e e | D




INTRODUCTION

An ideal laser protection material will provide the required
optical density at the laser wavelength and be transparent at all
other wavelengths. Practical bulk absorbers are broad band absorbers
which greatly reduce the transparency. The degree of transparency is
specified by the luminous transmission which is the integrated effect
of the spectral transmission on the standard photopic observer. The
luminous transmission is a useful figure for neutral density filters
which uniformly reduce the intensity of a scene. It does not describe
the spectral characteristics of the material and therefore is perhaps
a misleading parameter for laser protective materials. It does not
relate how visual functions such as color discrimination, intensity
discrimination, detection and identification may be affected.

A "quality factor" or "figure of merit" has been used to assess
the perceived image of infrared syst:ems1 and photographic picturesz.
The factor combines the image sharpness and system background noise
with the eye's ability to resolve images. The factor is extremely
useful for black and white displays where the eye detects luminance
changes only. With colored images the eye will detect differences in
color even if the luminance 18 constant. The quality factors used by
Synder1 or Granger2 must then be expanded to include color contrast.

Although there are many ways to formulate a quality factor, the
present study examines a method of combining luminous transmission with
the detectability of low contrast targets.

The present study examines how detectability of low contrast tar-
gets 18 affected by two popular ruby laser protectors (American Optical
Corp., Model 585; and Glendale Optical Co., Model LGS-R). In order to
study the effect of color rendition only, neutral density filters were
used to equate the luminous transmission of the two goggles. Theoreti~
cal considerations of how these goggles might perform is given. To
obtain the effects of protective materials on detectability, the con-—
trast required for the detection of various achromatic targets was
measured. The targets consisted of fourteen gratings which subtended
visual angles from 2.26 minutes per line pair up to 68.4 mirutes per
1ine pair.

THEORY

Contrast sensitivity functions depend upon, (a) the optical modula-
tion transfer function of the eye responsible for image formation on the
retina, (b) retinal topology, and (c) higher neural interactions. We
will consider each in turn.
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The primary chromatic aberration of the eye is longitudinal chro- .
matic aberration. When viewing white light, the eye optimally focuses
on one wavelength and all other wavelengths are more or less out of
focus. As shown in Figure 1, this optimal focus is about 575 nm.
Optimal focusing leads to maximum visual acuity. The focus difference
in the red (from 575 nm to 700 nm) is small. However in the blue (400
nm to 500 nm) the difference is large. Clearly, blue targets in a nor-
mal environment (i.e., if white light controls the focus) will be some-
what out of focus and thereby more difficult to recognize.

DIFFERENCE OF POCUS IS D
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Figure 1. Chromatic Difference of Focus (from Reference 3).

If a relatively narrow spectral band of illumination is used one
might suppose the eye focuses roughly in the center of that band. Since
the eye exhibits lower acuity in the blue we may assume tit the eye will
always attempt for maximum focus and thereby focus at wavelengths close
to 575 om rather than in the center. For the laser safety gcggles under
consideration, one appears blue and the other green. The maximum trans-
mission for LGS-R occurs at 475 nm whereas it is 520 nm for A0585. From
purely chromatic aberration considerations we might assume that detection
would be poor when using the LGS-R goggle.

However, in monochromatic light, except in the deep blue the eye is
able to focus properly if corrective lenses are used.“ But Porkorny, .




et al.> has shown that even with corrective lenses visual acuity is
lower in the blue (465 nm) which he attributes to complex retinal and
neural factors.

Green® has shown that for equal luminance targets, short wavelength
(blue) targets require higher contrast to be detected. This he attrib-
uted to the fact that there are few blue cones in the retina.

Granger carries this one step farther into the neural processing
of the eye. He’ has shown that the neural yellow-blue system is less
efficient in detection than the neural red-green system. In contrast,
Farnsworth® has shown that for detection of small targets, the eye suf-
fers small-field tritanopia. This means that the yellow-blue system is
unimportant at threshold. Furthermore Judd and Eastman? state that the
effect of the R-G system is reduced by a factor of 10 at threshold.
Thus the W-Bl system is the most important system. To account for the
increased contrast required in the blue region of the spectrum, Judd and
Eastman show that the inherent chromatic aberrations of the eye account
for 827 of the difference in detectability. The approach of Judd and
Eastman's allows one to calculate the visibility of targets from the
spectral content of the target and background but does not include the
effect of target size.

All researchers arrive at the same end point: blue targets require
higher contrast for detection. It is a combination of, (a) inherent
aberrations, (b) neural processing that causes the yellow-blue system
to be either ineffective or inefficient, and (c) lack of blue cones.

Although many methods may be used to calculate a "quality factor",
we will follow Granger's’ approach. The data presented is insufficient
to justify this quality factor as the only unique approach. But the
calculations will demonstrate the rationale involved.

The eye's neural system appears to follow a color opponent system.lo
The chromatic responses, white-black, red-green and yellow-tlue systems,
are related to the CIE tristimulus values by,

W-Bl1 = Y
R-G = X-Y
Y-B = 0.4X - 0.4Z

Note that the W-Bl system is identical to the CIE photopic observer
(Figure 2).




1f different colored low contrast images excite the W-Bl system
equally, then according to Granger, the image whose spectral component
excites the R-G system maximally will have the highest probability of
detection. Any image whose spectral components excite the Y-B system
maximally will have a smaller probability of detection.
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Figure 2. Relative Responses of the Three Neural Color Opponent
Processes. The Positive Values Indicate an Increased Firing
Rate of the Neurons. A Negative Value Indicates a Decreased
Firing Rate Relative to the Resting (Spontaneous) Firing Rate.

The relationship between contrast sensitivity and iuminous trans-
mission is not fully understood. However Granger and Heurtley!l proposed
a color image quality factor which correlated with subjectively perceived
quality assessment of color images. This factor is represented as,

Q = IC.B,W

i f1714
where, Bi = I TASARXI AX
A

and, TX is the transmission of the material at wavelength A,

SA is the source intensity,




R is the color opponent system,

Al
wi is a weighting factor,
Cfi is contrast sensitivity of each system for each spatial

frequency f.

By, By, and B3 represent the contribution from the R-G, Y-B, and
W-Bl systems. When B 1is normalized, the luminous transmission is
obtained.

i.e., i TASXRA3 AX

I S,R
N A

As AA

The weighting factor relates how the color opponents systems should be
added together. The exact values of Wi and Cgy are not known for the
three systems.

To determine these unknowns two ruby laser protective materials
(American Optical 585 and Glendale LGS-R) and a neutral density filter
were chosen. The spectral transmission is shown in Figure 3. A neutral
density filter of 0.4 units of density was placed in front of the Ameri-
can Optical Model 585 goggles so that it would have the same luminous
transmission as the Glendale Optical LGS-R goggle. A second neutral
density filter was also chosen to have the same luminous transmission
so that the effect of uniform attenuation could be measured. Unless
otherwise stated all tests and calculations were performed with the 0.4
ND filter in front of the A0585 goggle. Using a light source whose color
temperature was 3200°K the relative values of B; were calculated. The
results are tabulated in Table 1.
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Figure 3. Spectral Transmission of the American Optical Model 585 Ruby
Goggle and the Glendale Optical Model LGS-R Ruby Goggle.




Table 1. Relative Values of Bi'

B, Bz Bj

Goggle (R-G) (Y-B) (W-B1)
AO585 =43 =30 +92
LGS-R -46 +14 +92
ND +14 +21 +92

As seen in Table 1, these materials have one nice property. Namely
since By is the same for both A0585 and LGS-R then any difference in
contrast sensitivity can be attributed to the Y-B system.

EXPERIMENTAL

To determine Cgy and W, threshold of detection of various gratings
of different spatial frequencies were obtained using four subjects. The
experimental setup 1s shown in Figure 4. The subject could adjust the
neutral density wedge about his own threshold. He would simply increase
the density until the grating faded into the background and then reverse
the wedge until the grating just appeared on the screen. By using a
potentiometer attached to the wedge, the optical density of the wedge
could be followed on a strip chart recorder. The system was calibrated
so that the wedge setting was related to the contrast. The contrast is
defined as target luminance divided by the background luminance. Each
grating was presented vertically and for about one minute, In this time,
the subject made about 10 excursions about his threshold. Threshold is
defined as the average value of the excursions. This threshold corre-
sponds to a 50% probability of detection. Using Blackwell's average
probability curve!? the minimum to maximum excursion corresponded %o a
probability of 15Z-852 for two observers and 25-75%Z for the ~=ther two
observers. Fourteen gratings which subtended visual angles from 2.26
minutes per line pair to 68.4 minutes per line pair were used. The
intensity of the screen was varied from 0.35 foot lamberts to 1700 foot
lamberts. These light levels corresponding to known levels of 1llumi-
nation are shown in Table 2.
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Figure 4. Schematic of Experimental Setup.

Table 2. Relationship Between Various Luminance Levels Used.

Log Foot Lamberts

Horizon Sky Luminances

AN THIS STUDY NN

-6 abgsolute threshold
-3 overcast starlight
-4 starlight
-3 quarter moon
-2 full moon
=1 deep twilight

0 twilight

1 very dark day

2 overcast sky

3 full daylight

4

5

6

Visual System

Scotopic Rods

" Mixed

Cones

Photopic




RESULTS

The contrast sensitivity Cgy obtained is the usual "J-ghaped"
curve.l3 However the hook of tﬁe J 1s caused by the experimental pro-
cedure. Hoekstra, et al.!" have shown that the threshold depends upon
the number of cycles in the stimulus when less than 8 complete cycles
are present for the 2.1 degree circular screen, this translates to 16
minutes per line pair. Therefore rather than report experimental arti-
fact, onl{ the data below 16 minutes per line pair is presented. Using
Johnson's!® criterion for target detection (i.e., 50% probability of
detection corresponds to detection of one line pair) the data has been
converted from minutes per line pair to angular width. The contrast
required for detection for the three goggles are shown in Figures 5-12.
The range R is obtained by multiplying the abscissa by the diameter of
the target d. For example if the target diameter is 1 meter then the
abscissa is the range in meters. The ordinate is the contrast required
for a 50Z probability of detection.

DISCUSSION

In all cases except the lowest intensity (0.35 and 0.67 FT-L) and
the highest intensity (1700 FT-L) targets viewed through the Glendale
LGS-R require more contrast than the A0585 or neutral density filter.
Scanning across the graphs, it can be seen that as luminance decreases,
the contrast required increases. This contrast difference is much
greater than the differences among the three materials at a fixed
intensity level. Both the A0585 and neutral demsity provide about
equal performance even though ABy; = 57 and AB; = 51. It would appear
then that the weighting factors are such that B; and B, cancel. Thus
the quality factor may have a form such as,

Q = a(By; - By) + bB3

Then,
Q = -13a + 92b for A0585
Q = -60a + 92b for LGS-R
Q = -7a + 92b for ND

Since the luminous level has such a large effect on the contrast,

b >> a. From the A0585 and LGS-R curves, the difference in contrast can
be attributed to AB; = 44. Thus we find that the Y-B system has a
poorer contrast response then the R-G system. This is consistent with
Granger's findings.

10
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Although Granger and Heurtley's formulation does fit the experimen-
tal data, the data does not permit the ability to distinguish between a
color opponent theory and inherent aberrations. Nor does the data sug-
gest that this quality factor is unique.

The light intensities for representative sky luminances are shown
in Table 2. The light intensities listed are those for the luminance
of the screen. The actual intensity reaching the eye is reduced by the
luminous transmission of the material (LT = 10%). For the low intensi-
ties both rods and cones are functioning. The rods allow only achro-
matic vision. The protective materials were matched for ecual photopic
luminous transmission. Thus at the lower intensities (0.35 and 0.67
FT-L) the luminous intensity is no longer equal.

At the high intensities, there is no difference in detection capa-
bility. This is evident in Figure 13 where the data has be:u replotted
as a function of intensity for a fixed visual angle. Simply stated,
for high intensities, the contrast required for detecticn is irndependent
of the intensity. At low intensities the LGS-R goggle requires 40% more
contrast when compared to the neutral density or A0585 with equal lumi-
nous transmission. Apparently the Glendale LGS-R goggle, has no dele-
terious effect on detection threshold at high intensities. The shape
of Figure 13 is identical to those obtained by Blackwell.l?

15




Because these are static tests, there 1s no way of predicting how
vision will be degraded in a dynamic case such as in searching or track-
ing.

These tests were performed on color normal subjects. Each subject
had or was corrected for standard visual acuity (20/20). Since approxi-
mately 5% of the population is color blind, it is of interest to study
the effect of laser protective materials on this segment of the popula-
tion. One color blind individual was available for these tests. Initial
testing on the Farnsworth-Munsell 100 Hue Test indicated that he was a
strong deutan. When wearing the LGS-R, his color discrimination axis
appeared to shift from that of a deutan to that of a protan. On the
grating tests, the variability was so high that the data could not be
used.

Two long-term adaptation tests were performed. The LGS-R goggle
was worn for three hours. The pre- and post-results on the target
detection tests were identical.

SUMMARY

1. Luminous transmission appears to be the most important param—
eter in detecting achromatic low contrast targets.

2. Blue targets, either natural or rendered blue by protective
material, require more contrast for detection. In particular, under
conditions of overcast daylight or darker, the LGS-R goggles require
40% more contrast than the A0585 with reduced transmission. Since the
standard AO585 has a much higher luminance transmission, it will pro-
vide greater detection ranges than the LGS-R.

3. Laser protective materlals will not degrade detection capa-
bility for high intensity targets.

4. Long term (three hours) adaptation does not change detection
ability.

5. The need for a quality factor is more evident when detecting
real targets (i.e., colored targets on colored background). The approach
used in this study required further investigation before a definitive
quality factor can be employed.

16
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